INTRODUCTION {#sec1-1}
============

Sepsis is one of the leading causes of inhospital mortality and morbidity among medical and surgical patients. Severe sepsis accounts for one in five admissions to intensive care units (ICUs) and is the leading cause of death in the noncoronary ICU.\[[@ref1]\] Unfortunately, the outcome of sepsis has remained unacceptably high to the tune of 30%--40% despite the development and availability of an increasing array of higher-generation antibiotics with broader spectrum of coverage and advances in intensive supportive measures.\[[@ref2]\] Although well recognized as an important health issue globally, most of the epidemiological data regarding the incidence and mortality of sepsis have emerged from western countries and puts the overall incidence of sepsis ranging from 10% to 30% with mortality ranging from 10% to 56%.\[[@ref2][@ref3]\] Available data from India suggest that the overall mortality of all septic patients is approximately 14% and that of severe sepsis alone is higher than 50%.\[[@ref4]\]

Several laboratory and clinical variables have been found to be independent predictors of mortality in sepsis/severe sepsis. However, these vary widely according to the type of ICU setting, patient population, and quality of medical care provided. The presence of pre-existing disease and organ dysfunction and severity of illness scores have been associated with poorer outcome in majority of reports.\[[@ref2][@ref5]\] This information, along with a knowledge of early and reliable prognostic markers, is essential for optimum clinical management. This study was thus carried out to determine the incidence of sepsis/severe sepsis within a closed ICU and to identify early and reliable prognostic variables for severe disease.

MATERIALS AND METHODS {#sec1-2}
=====================

The study was a prospective observational study conducted between June 2010 and June 2012 in the Medical ICU of a tertiary care referral hospital in Northern India. All the patients who were admitted in ICU either with existing sepsis or those who developed new episode of sepsis/severe sepsis/septic shock within the ICU were enrolled. Excluded were those who died within 24 h of admission and those with systemic inflammatory response syndrome (SIRS) without any definite focus of infection.

Sepsis was defined as clinical evidence of infection plus presence of SIRS; Severe sepsis as the presence of sepsis plus evidence of organ dysfunction or tissue hypoperfusion,\[[@ref6]\] and septic shock as the presence of sepsis induced hypotension, which persisted despite adequate fluid resuscitation.\[[@ref7]\]

After obtaining informed consent, detailed demographic, clinical, and laboratory data were recorded, including arterial blood gas analysis and relevant cultures of blood, urine, sputum, tracheal aspirates, or other samples as indicated. Acute Physiologic Assessment and Chronic Health Evaluation II (APACHE II),\[[@ref8]\] Simplified Acute Physiological Score II (SAPS II),\[[@ref9]\] SAPS III,\[[@ref10]\] and Sequential Organ Failure Asssessment (SOFA)\[[@ref11]\] indices were calculated at baseline to assess the severity of illness. The total duration of ICU stay, mechanical ventilation, and hospital stay were recorded. All patients recruited in the study were monitored until death or discharge, whichever occurred earlier.

Data analysis {#sec2-1}
-------------

Statistical analysis was done using STATA 11 software. Mean (standard deviation) or median (min--max) were calculated for continuous variables and frequency (%) for categorical variables. To compare the continuous and categorical variables with the primary outcome, that is, death/survival, paired *t*-test/Wilcoxon rank-sum test, and Chi-square/Fischer\'s exact test were used, respectively. In the case of two continuous variables, Spearman\'s/Pearson\'s correlation coefficient was calculated. Univariate and stepwise multivariate logistic regression analysis was done to see the predictors of ICU death and duration of mechanical ventilation, respectively. Odds ratios (95% CI) were calculated by logistic regression model for ICU deaths and duration of mechanical ventilation. Odds ratio was then converted to relative risk ratio using appropriate conversion formula. *P* \< 0.05 is considered as significant. We then devised the weighted prediction score for predicting mortality using β-coefficient of these variables from logistic mode, and using the goodness-of-fit test, multiplied by 10 and divided by the least regression coefficient among these variables. Discrimination power and calibration of predicting score were evaluated using the area under the receiver operating characteristic) curve and Hosmer--Lemeshow goodness-to-fit test, respectively. We also calculated the optimal cutoff for weighted score using the ROC curve and estimated the sensitivity, specificity, and positive likelihood ratio of mortality for this prediction score.

RESULTS {#sec1-3}
=======

A total of 170 patients were screened during the study period, of whom 23 died within 24 h of admission and hence were excluded; the remaining 47 did not fulfill the definition of sepsis. Consequently, 100 patients were finally included and analyzed (54% males). Significant comorbidities such as diabetes, hypertension, previous coronary heart disease, and chronic obstructive pulmonary disease were present in 20%, 34%, 13%, and 22%, respectively. The overall in-ICU mortality of the study group was 53%. The baseline comparison of survivors and nonsurvivors is depicted in [Table 1](#T1){ref-type="table"}.

###### 

Comparison of baseline characteristics between survivors and nonsurvivors\*
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Mortality rate was significantly higher among females compared with males, (69.5% and 38.8%, respectively). Older age, presence of anemia (defined as hemoglobin less than 12 g/dL in males and 10 g/dL in females), renal dysfunction (creatinine level more than 1.3 g/dL), and acute respiratory distress syndrome (ARDS) were associated with higher mortality. Almost 90% patients were admitted with features of lower respiratory tract infection and 89% patients required mechanical ventilation at the day of admission. At the time of ICU admission, of the total 100 patients, sepsis alone, severe sepsis, and septic shock were present in 27%, 38%, and 35%, respectively. Mortality was highest in patients with septic shock (65.7%), followed by severe sepsis (55.3%) and sepsis (33.3%). The total duration of hospital stay was higher among survivors (mean, 15 days (range, 8--65) and 12 days (range, 2--46 days), respectively. However, no difference was observed in the total duration of mechanical ventilation and the duration of ICU stay.

Critical care scoring systems {#sec2-2}
-----------------------------

All the four scoring systems as depicted in [Table 2](#T2){ref-type="table"} were significantly higher among patients who died as compared with those who survived.

###### 

Comparison of critical care scoring systems
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Source of infection and microbiological characteristics {#sec2-3}
-------------------------------------------------------

Out of 100, 84 patients had clinical/radiological with/without microbiological features of lower respiratory tract infections. Fifty-two positive culture isolates were obtained from 46 patients. Of these, tracheal aspirates accounted for 76.9%, blood (15.3%) and urine (7.1%). *Acinetobacter baumannii* was the most common organism isolated (63.4%), followed by *Kliebsella* (9.5%), and *Escherichia coli* (8%).

Predictors of mortality in sepsis/severe sepsis/septic shock {#sec2-4}
------------------------------------------------------------

All the variables which were significantly different between patients who died and those who survived were further tested with univariate and multivariate regression models. The odds ratio obtained after regression models were converted to relative risks to determine the predictors of mortality.

[Table 3](#T3){ref-type="table"} depicts the logistic regression of various parameters that were significantly different between survivors and nonsurvivors. It was observed that the risk of death was 1.8 times higher in females compared with males. Similarly, age was also strong predictors of death; the risk of dying was doubled (relative risk of 2.1) in patients who were above 60 years of age as compared with patients who were below 30 years of age. The presence of anemia was associated with 1.8 times higher chance of dying as compared to those in whom anemia was not present. The risk of death was 2.1 times higher when hemoglobin level was less than 12.0 gm/dL as compared with those in whom hemoglobin level was more than 12.0 gm/dL. The renal dysfunction was also associated with higher probability of death. The risk of mortality was 1.8 times higher in patients with renal dysfunction. ARDS was associated with 1.6 times higher risk of dying as compared with those patients in whom ARDS was not present at the time of admission. Patients who presented with septic shock were having almost double the risk of dying (relative risk of 1.9) as compared with those patients who had features of sepsis only. The APACHE II score more than 14, SAPS II score more than 35, SAPS III score more than 47 and SOFA score more than 6 at the day 1 of admission were associated with more than double the risk of death.

###### 

Determination of mortality predictors by univariate and multivariate analyses
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The relative risk of death in APACHE II \> 14, SAPS II \> 35, SAPS III \> 47, and SOFA \> 6 were 2.6, 2.6, 2.4, and 2.3, respectively. The cutoff value of critical care scores were the mean score of the patients who survived in ICU. Among these, the variables which were associated with higher risk of death, after multivariate regression analysis were the presence of anemia, SAPS II more than 35, SAPS III more than 47, and SOFA score more than 6.

Derivation of mortality predictor equation for sepsis {#sec2-5}
-----------------------------------------------------

By using the β-coefficient of the variables, which were statistically significant in multivariate regression model of analysis a weighted mortality prediction formula was devised. The optimal cutoff for weighted score was calculated using the ROC curve and estimated the sensitivity, specificity and positive likelihood ratio. The mortality prediction formula (AIIMS Sepsis Score) was devised as: 10.5 × SAPS II category + 10 × Hb category + 12 × SAPS III category + 10.5 × SOFA score category.

The category score for the above variables with their individual sensitivity and specificity are given in [Table 4](#T4){ref-type="table"}. The hemoglobin category has the highest sensitivity of 84.9% in predicting the mortality but it has got specificity of 42.5%, which is very low. Similarly, SAPS II and SAPS III score category have got good sensitivity of 81.1% but their specificities are low. SOFA score category has got the best specificity of 72.3% but its sensitivity of 69.8% is lowest among all the categories. The ROC analysis of the AIIMS Sepsis Score is given in [Figure 1](#F1){ref-type="fig"}. Using the ROC analysis, a score more than 22.5, when used as a predictor of mortality had a sensitivity of 81.1%, specificity of 72.3%, positive likelihood ratio (LR+) of 2.9, and negative likelihood (LR−) of 0.26.

###### 

Category scores of individual variables used in mortality prediction formula
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![Receiver operating characteristic curve analysis of the predicting score](LI-32-313-g005){#F1}

[Table 5](#T5){ref-type="table"} shows the cutoff points for the various levels of the AIIMS Sepsis Score with their respective sensitivity and specificity values determined by the ROC analysis. A score more than 22.5, when used as a predictor of mortality had a sensitivity of 81.1%, specificity of 72.3%, which is better than overall sensitivity and specificity of individual category (shown in [Figure 1](#F1){ref-type="fig"}) used in mortality predicting formula.

###### 

Sensitivity and specificity levels of various cutoff levels of the predicting score
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DISCUSSION {#sec1-4}
==========

In this observational, prospective ICU-based study, we assessed the predictors of mortality and morbidity of patients admitted with sepsis/severe sepsis/septic shock in a medical ICU.

Our patients comprised an almost equal distribution of males and females, however, the mean age of the entire group was almost a decade less than most reports, especially from the Western countries.\[[@ref3]\] Among our patients, 73% had either severe sepsis/septic shock, indicating the greater severity of illness among majority of patients compared with some previous studies such as by Padkin *et al*.,\[[@ref12]\] in 2003 (27.1% severe sepsis), but comparable to the figure of 76.5% reported by Todi *et al.*\[[@ref4]\] The higher proportion of severe sepsis in our patients is likely due to the tertiary referral bias leading to sicker patients being admitted.

Consequently, our overall mortality figures of 53% probably reflect the higher proportion of patients with severe sepsis. This is underlined by the fact that 89% of our patients needed mechanical ventilation at the very outset. Generally speaking, a wide variation in sepsis mortality has been observed, ranging between 18% and 56% depending on patient type, admission policies, and local facilities.\[[@ref2][@ref5][@ref13]\] By the same analogy, our mortality rate was higher in patients with severe sepsis and septic shock (55.3% and 65.7%, respectively).

Blanco *et al*.,\[[@ref14]\] in a large Spanish study reported a mortality of 54.3% in severe sepsis, comparable to the figure of 54.1% reported by Todi *et al.*\[[@ref4]\] in an Indian cohort. Expectedly, the mortality rate in patients with septic shock was much higher at 65.7%, which is higher than mortality figures observed in two previous European studies, which reported a crude ICU mortality rate of 60.1% and 60%, respectively.\[[@ref15][@ref16]\]

Variables associated with increased mortality in sepsis {#sec2-6}
-------------------------------------------------------

We observed that mortality was significantly higher in females than males (69.6% and 38.9%, respectively) probably as a result of higher proportion of severe sepsis/septic shock (76.2% compared with 70.1% in males). In addition, non survivors were significantly older than survivors with a 2.1-fold higher risk of death in patients older than 60 years compared with those younger than 30 years. Age as an independent risk factor for increased mortality had been highlighted in several previous studies.\[[@ref1][@ref12][@ref17]\] Lower immune response, greater associated comorbidities, higher chances of health care--related complications, and nutritional deficiencies may be likely explanations for this association.

Similarly, the mean hemoglobin level was significantly lower in non survivors (9.7 g/dL) compared with survivors (11.2 g/dL) with a 2.1 times higher risk of death in patients with hemoglobin levels less than 12.0 g/dL than those above this value.

ARDS, a dreaded complication of sepsis, was present in 24% of our patients and associated with higher risk of death. Rates of ARDS have varied widely from 28% to up to 59% leading to higher requirement of mechanical ventilation and associated complications.\[[@ref4][@ref15][@ref16]\] Acute kidney injury (AKI) affects 1%--25% of ICU patients causing mortality to the tune of 15%--60%.\[[@ref18][@ref19][@ref20]\] Renal dysfunction was present in 47% of our patients with 70.2% mortality. The reasons for this higher kidney-related adverse outcome could be associated hypoxic damage due to the high proportion of patients with septic shock, as well as direct kidney damage from infectious diseases such as malaria or leptospirosis.

Critical care scoring systems {#sec2-7}
-----------------------------

Presence of higher SOFA, SAPS II, and SAPS III baseline scores were independent predictors of increased mortality. A higher SOFA score was associated with 1.9 times higher risk of death. The SAPS II score more than 35 and SAPS III score more than 47 were associated with higher mortality (odds ratio 2.3 and 2.2, respectively). The prognostic value of critical scoring systems has been validated previously as well\[[@ref21][@ref22][@ref23][@ref24][@ref25]\]; however, none of the studies used a comprehensive panel of multiple scoring systems and compared them head-to-head among the same group of patients. Furthermore, no consensus exists regarding the most efficient predictive mortality scoring system specifically for sepsis/severe sepsis. Older age and higher APACHE II score were associated with increase in total duration of mechanical ventilation. Similarly, higher APACHE II score at the time of admission was also associated with increased duration of ICU stay in our study, a result that has been reported previously as well.\[[@ref26]\] Interestingly, APACHE II was not an independent predictor of mortality among this group.

Positive cultures could be obtained from various sites in only 46% of patients, which is considerably lower than most previous figures that range from 62% to 81%.\[[@ref27][@ref28][@ref29]\] Similarly, the blood culture positivity of 8% is low compared with earlier reported rates of 20%-40%. One possible reason for this lower microbiological yield could be the fact that virtually all patients had received higher generation antibiotics for variable periods before samples were cultured. The spectrum of sepsis etiology was remarkably distinct in our group. As with most other studies,\[[@ref3][@ref28]\] a pulmonary focus of sepsis was the most commonly identified, comprising 84% of the cohort, followed by neurological and urinary tract (3% each). This pulmonary predominance is probably related to admission policies and nature of referrals in our area.

The category score for these variables are given in [Table 4](#T4){ref-type="table"}, whereas the sensitivity and specificity of individual categories used in this formula are depicted in [Table 5](#T5){ref-type="table"}. Using the ROC analysis on the mortality prediction formula devised above, a score more than 22.5 had a sensitivity of 81.1%, specificity of 72.3%, positive likelihood ratio (LR+) of 2.9, and negative likelihood (LR−) of 0.26, implying thereby an 81.1% chances of mortality compared with 27.7% if the score is less than 22.5. In practical terms, a score more than 22.5 in a patient with sepsis at day 1 has a 2.9 times greater likelihood of dying than those with the score less than 22.5. The performance of this formula was better compared with the individual variables used in the mortality score.

This study had some limitations. In spite of being designed as a prospective observational study, the sample size was relatively small, although adequately powered to determine the primary objective of predicting mortality in ICU. In addition, there is likely to be a tertiary referral bias that affects the patient profile, especially severity of illness and microbiological yield due to multiplicity of antibiotics elsewhere. Thus, this score needs to be tested and validated on a much larger and heterogenous patient population to assess reliability and reproducibility before it can be applied in routine clinical practice. Thirdly, patients were evaluated till they were discharged from the ICU, hence a complete profile beyond ICU stay was not analyzed. However, in spite of these shortcomings, we feel this data adds significant knowledge to the hospital-based outcomes of patients with sepsis/severe sepsis and merits further evaluation.

CONCLUSION {#sec1-5}
==========

To conclude, severe sepsis continues to be a syndrome with high fatality. Several critical scoring systems are useful for early prediction of mortality. A sepsis mortality prediction formula based on SAPS II, SAPS III, SOFA scores and hemoglobin has greater predictive power than these scoring methods individually.
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